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The correlation is based on 51 pairs of liquid-phase Sr-90 and TOC data. Two models were developed based on this, data. The first model correlation (Model 1) fit well but had some unacceptable drawbacks. The second model correlation (Model 2) was also a good fit and did not have the same drawbacks as the Model 1 Correlation. Therefore, the Model 2 correlation was chosen to be the preferred equation. More details of the derivation of the Sr-90 to TOC correlation is documented in Section 2.0.
Sr-90 concentrations in low-activity waste (LAW) and high-level waste (HLW) feed liquids are tracked using the Hanford Tank Waste Operations Simulator (HTWOS) to see if they meet WTP contract limits. The description of how the correlation is integrated into the HTWOS model and demonstration of its successful incorporation is presented in Section 3.0.
DERIVATION OF THE STRONTIUM-90 SOLUBILITY CORRELATION
Correlations between the Sr-90 concentrations in solution and the liquid phase TOC concentrations were established using sample-based data from the Best-Basis Calculation Detail Reports (TWINS 2004a). The Best-Basis Inventory (BBI) data are traceable to sample data reported in the Tank Characterization Database (TCD) (TWINS 2004b).
CRITERIA FOR SOLUBILITY ESTIMATES
The criteria for the 3 -9 0 solubility correlation evolved during development. The following points summarize the results of several discussions: 
2.2
The correlation must be simple and easy to implement in HTWOS. Iterative or logical branching calculations are to be avoided whenever possible. A single equation describing a continuous curve is preferred. Estimates are to be best estimate (Best-Basis) as opposed to conservative, bounding limits.
Dependencies must rely on analytes that are already included in the standard BBI analyte list (24 chemicals and 46 radionuclides). Equations should be tied to solubility theory or postulated behavior in as far as is practical.
Equations must not result in abnormal behavior, such as negative concentrations or regions where the solubility moves opposite to the expected direction (e.g. reductions in metalhadionuclide solubility with increasing TOC).
Existing data sources to be used whenever possible.
ASSUMPTIONS
A number of assumptions are necessary to establish a correlation for Sr-90 solubility with TOC.
1. Strontium solubility behavior during retrieval and feed staging will be similar to that currently exhibited in the stored tanks wastes. 2. The concentrations of organic complexants and the solution pH are the primary factors influencing strontium solubility. 3. Wastes will be retrieved to DSTs prior to feed delivery to the WTP. Since corrosion specifications for the DSTs require a minimum of 0.01 molar fkee hydroxide, pH will not significantly influence strontium solubility after waste retrieval. 4. The TOC concentration is assumed to be a suitable surrogate for the unknown organic species which are forming the actual soluble complex with strontium.
5. The Sr-90 liquid concentration is assumed to be an acceptable substitute for the total chemical strontium concentration (which is actually the controlling factor for solubility). This assumption is required as chemical strontium is not accurately measured in the Hanford tank waste liquids. Approximately 99% of the strontium Inductively Coupled Plasma "ICP" analyses for liquids available in the TCD (TWINS 2004b) are below detection limits, "R" qualified (data not usable) or "J" qualified (estimates). The remaining data are likely to contain a large percentage of outliers due to the proximity to the analytical detection limits. 6. Chemical strontium will partition identically to Sr-90 when subjected to water washing.
The fkaction of the chemical strontium transferred between phases during dissolution or precipitation will match that of Sr-90 (Le. no isotopic depletion or enrichment for material transferred between phases).
7. Decay of Sr-90 from the January 1,2001 BBI radionuclide baseline date will be ignored as accurate measurements of chemical strontium are unavailable. Consequently the strontium isotopic distribution can not be established.
DATA SOURCES
The Sr-90 and TOC concentrations summarized by the Best-Basis Calculation Report (TWINS 2004a) were selected as the data source for developing the Sr-90 solubility correlation since an adequate number of sample-based data points is ready available without extensive data manipulation and evaluation. The initial query of TOC and Sr-90 data was made in December 2003, and updated in March 2004 . Fifty-three data pairs were available for liquid phases, most representing low Sr-90 and TOC concentrations. Two data sources were excluded from the data evaluation: tank 241-C-103 and tank 241-U-106.
The tank 241-C-103 data represented a solution that was below pH 10. Sr-90 solubility is known to increase with reduced pH. The effects of TOC (if any) would be masked by the pH effects.
The TOC in the 241-U-106 liquid phase appears to be totally different than for any other high TOC waste (the Sr-90 concentration would be expected to be much higher than that measured). The raw data supporting the BBI concentrations were examined and appear to be valid. There is a significant difference between the mean TOC concentrations measured by persulfate oxidation and furnace oxidation analytical methods (3.38E+04 @ n L versus 4.28E+04 pg/mL respectively). This difference suggests that the TOC in the tank 241-U-106 liquid phase is resistant to oxidation since furnace oxidation generally results in more complete oxidization than persulfate oxidation method when a "rugged" organic is present. The tank 241-U-106 data were excluded from curve fitting as no reasonable relationship between Sr-90 and TOC concentrations can accommodate this divergent result.
DEVELOPMENT OF THE STRONTIUM-90 SOLUBILITY CORRELATION
Model 1
The first model developed was of the form y=A+(B-A)/(l+exp(-h*(x-C))) which assumes upper and lower asymptotes (constants B and A respectively). The lower asymptote was set at the average of all Sr-90 concentrations corresponding to less than 10 g/L TOC, and the upper asymptote was set slightly above the highest Sr-90 concentration reported. The anomalous tank 241-U-106 data was excluded from the curve fitting. The remaining two constants (C and 1) were optimized using the Solver function in an Excel spreadsheet by minimizing the sum of the squared deviations between predicted and measured Sr-90 concentrations. Weighting factors of 10 were applied to squared deviations for TOC concentrations of greater than 10 g/L to keep the numerous data points with low TOC and Sr-90 concentrations from controlling the curve fit at higher TOC concentrations.
The resulting data fit was excellent (see Figure 2-1) . However, the model has three drawbacks:
1) there was no assurance that an upper solubility limit actually exists, 2) there is no tie-in to solubility theory or postulated Sr-90 behavior, and 3) the excellent fit is misleading since four constants were used to achieve this fit.
Model2
With the exclusion of the data for tank 241-U-106, the data are fit reasonably well by a quadratic equation of the form AX'+BX+C (correlation coefficient of 97%); however, the result dips below zero Sr-90 concentration and includes a region of negative slope with increasing TOC. The second order dependence on the TOC concentration suggests that two molecules of the unknown organic chelating agent are required to complex each mole of strontium (which has a +2 valence). Additionally, the Sr-90 solubility was thought to consist of two components: a low baseline solubility representing sparingly soluble metal compounds and the additive effects of chelation at higher TOC concentrations.
Therefore, a truncated equation of the form AX' +B was adopted, for which the variable B was set at the average Sr-90 concentration for all data points having less than 10 g/L TOC. Weighting factors of 10 were again applied to squared deviations for TOC concentrations of greater than 10 to improve the fit at higher TOC concentrations. The resulting correlation is not quite as good as with Model 1, but it is still excellent (correlation coefficient of 97%). The Model 2 correlation did not assume an upper-bounding Sr-90 solubility limit for highly complexed waste and the correlation exhibits a postulated solubility behavior for Sr-90 (see Figure 2 -1). where A = 8.5897 X concentration. To satisfy Equation (1) in HTWOS, the strontium concentration is recalculated for any mixing operation. For the receiver tank, the calculation is performed after every transfer time step. The concentrations in the sending tank are normally unchanged during a transfer. Since the relationship [Equation (3-l)] is specified for the Sr-90 concentration alone, an assumption for handling the remainder of the chemical strontium (non Sr-90) is necessary. To avoid isotopic selectivity for the strontium partitioning it was assumed that the Sr-90/strontium ratio of the phase losing material is preserved. Therefore, the precipitating strontium adds to the existing solids in the same Sr-90/Sr-total ratio r that it has in the liquid; likewise, the dissolving strontium solids adds to the liquid in the same ratio as in the solids. It should be noted that the simple form of Equation (3-1) can be treated explicitly in HTWOS. This is true only because the density calculation is linear. Indirectly the mass of strontium affects the total volume and therefore the concentration of TOC. In this case the allowed mass change of Sr-total (AMsr) at the limit of Equation (3-1) is the solution of the quadratic equation
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(pCi/mL)/(pg/mL)2, B = 0.5628 pCi/mL and CTOC is the TOC "losing" phase Sr-90/Sr-total mass ratio initial total liquid volume initial Sr-total mass 0.5628 pCi/mL initial Sr-90 mass 8.5897 X (pCi/mL)/(pg/mL)2 initial TOC mass For more complicated solubility models a closed expression such as Equation (3-2) will not be practical. To allow for more general models in future runs, it was shown that an implicit calculation using a fixed point iteration method rapidly converges to the same result typically after five iterations.
As a test of the HTWOS application of Equation (3-l), a hand calculation for the Sr-90 concentration for each HLW and LAW feed batch was performed and compared with the HTWOS result. Table 3 -1 shows selected results from the test using HTWOS reported values good to four significant figures. In each batch the Sr-90 concentration was equal to the Equation (3-1) limit within the expected precision. 'Concentration of TOC in the aqueous phase (from HTWOS) 'Concentration of Sr-90 in the aqueous phase (calculated from within HTWOS using TOC correlation) gConcentration of Sr-90 in the aqueous phase (calculated externally by hand using TOC correlation) hDifference between internal HTWOS calculation and external hand calculation (small difference indicates agreement)
3.2
As stated before, the Sr-90 correlation was developed to take the place of water wash factors for Sr-90 since the use of water wash factors for strontium was incorrectly predicting that a significant portion of the feed delivered to the WTP would require strontium removal. In incorporating this correlation into HTWOS some impacts are expected to model results that are dependent on strontium solubility while other factors are expected to remain unchanged when compared with a model scenario based on wash factors for Sr-90 solubility.
EFFECT OF STRONTIUM CORRELATION ON RESULTS
Strontium-90 to Sodium Ratio Distribution
A comparison was made of the distribution of Sr-90 to sodium prior to and after application of the Sr-90 correlation. The initial condition is based on the scenario documented in "F-SD-WM-SP-012, Rev. SA, Tank Farm Contractor Operation and Utilization Plan" (TFCOUP) and is identified as TFCOUP Rev 5 . The initial scenario utilized the strontium wash factors and the comparison scenario used the Sr-90 correlation instead of the strontium wash factors. This comparison is shown in Figure 3 -1 and is on a percent of delivered sodium basis.
The figure shows that prior to application of the Sr-90 correlation (TFCOUP Rev. SA), 69% of the modeled feed met Envelopes A and B with the remaining 31% requiring additional pretreatment to remove strontium. Additionally, 3% of the feed would be out of specification for Sr-90 per WTP Contract, DE-AC27-01RV14136.
When the Sr-90 correlation is applied, 96% of the modeled feed met Envelopes A and B. Therefore only 4% of the liquid feed would require additional pretreatment to remove strontium.
Additionally, none of the liquid feed would be out of specification for Sr-90 per the WTP contract (DE-AC27-0 1 RVl4136).
Overall Strontium Mass Balance
The overall Sr-90 and elemental strontium is tracked during an HTWOS model run. Regardless of which method is used to calculate the quantity of strontium in solution, the total overall mass balance of strontium should not differ. To show that the overall strontium mass balance is not affected by replacement of the wash factors with the Sr-90 correlation, a complete model run was performed and the final Sr-90 and elemental strontium inventories were compiled. For this exercise, inventories are defined to include Sr-90 and elemental strontium in DSTs and SSTs, as well as, in vitrified and other immobilized waste forms. These inventories were compared with the TFCOUP Rev. 5 run using strontium wash factors and also with the initial starting inventory, accounting for radiological decay of Sr-90. The result was that all three inventories (initial, TFCOUP Rev 5 run-based, and Sr-90 correlation based) were equal; verifying that the overall strontium mass balance was maintained.
3.2.3
The effect of the Sr-90 correlation was also assessed on its impact to HLW and LAW glass production. For HLW glass, the TFCOUP Rev. 5 run produced 9,429 canisters and was completed by September 15,2027. After applying the correlation, 9,584 canisters of HLW glass were produced and HLW glass production was completed by January 23,2028. The additional 155 canisters and four months additional time required to complete HLW vitrification is acceptable for this comparison. The reason for its acceptability is that the single model run with the Sr-90 correlation has variations in the incidental blending of waste well within the expected run-to-run variability when compared to the TFCOUP Rev. 5 run. The TFCOUP Rev. 5 run was optimized over several iterations to minimize plant outages and glass volume. If time was spent optimizing the model scenario using the Sr-90 correlation in the same manner as the TFCOUP Rev. 5 run, the quantity of HLW glass could be similarly reduced and completion of the HLW vitrification mission would be accomplished at an earlier date. Figure 3 -2 shows the HLW glass production relationship between the TFCOUP Rev. 5 run and the scenario with the Sr-90 correlation.
Impact to High-Level Waste and Low-Activity Waste Glass
The LAW glass production comparison was slightly affected. For LAW glass, the TFCOUP Rev. 5 run produced 27,850 packages and was completed by September 20,2027. After applying the correlation, 27,854 packages of LAW glass were produced and LAW glass production was completed by January 23,2028. The number of packages is essentially unchanged from the TFCOUP Rev. 5 run and the additional four months to complete processing is directly related to the delay in HLW glass mentioned previously. Figure 1. A simple schematic of the overall process is shown in Figure A Na is added to the effluent of the radionuclide separation block as non-waste Na to account for all sources of non-waste sodium added by BNIIWGI's WTP model. The amount added is 3.63% ofthe amount in the stream so that non-waste sodium is about 3.5% of the total Na in the LAW glass. 80% of the sulfate in the feed to the melter is retained in the glass product and 20% is volatilized. After 1/31/2011, the off-gas stream, containing the volatilized sulfate, is sent to the WTP Supplemental LAW Process for treatment. Prior to that date, the volatilized sulfate will be assumed to be recycled into the source batch. The addition of NaMn04, Sr(N03)2, and NaOH used during the pretreatment of Envelope C waste will be approximated as This is the capacity estimated to be needed to complete processing all HLW into glass by 9/30/2027. This capacity may be 
A-6
No No
The WTP Supplemental LAW process capacity is calculated as the difference between the LAW pretreatment capacity (2950 MT Na per yr) and the LAW melter capacity expressed in MT Na per yr, and depends on the glass formulation for specific LAW batches. There will be a 30 day break in operation to redeploy the facility in the 200 West Area; then wastes from the T-200 series SSTs will be retrieved and delivered to the facility to support operation at 40% of the nameplate capacity.
A-8
ThenwastefromtanksT-l11,T-l12,T-l04,and
T-l IO will be retrieved, according to the schedule in Table A -14 in Section A3.3 and delivered to the facility to support operation at 50% of the nameplate capacity.
There will be a 30 day break in operation to redeploy the facility in the 200 East Area; then wastes from tanks B-l IO and B-111 will be retrieved and delivered to the facility to support operation at 50% of the nameplate capacity.
All the waste from the B-200 and T-200 series SSTS, T-110, and T-111 will be retrieved without impact to DST space.
It is assumed that all the SST wastes can be packaged as contact-handled TRU or disposed of via the TRU packaging system.
There will be no water or waste sent to the DST
No
' This volumetric processing rate is equivalent to an estimated mass processing rate of 20.4 MT soliddday assuming 25
volume % solids and a solids density of 3 MT/m3. HTWOS will use the mass processing rate and the modeler has the discretion to adjust the mass processing rate to match processing durations based on the volumetric processing rate.
A-9 
W Processing
A demonstration facility will be located in the 200 West Area (west of S-Farm) and be operated for 18 months starting on 10/1/2004 to process 300 MT ofNa from tank S-109.
The demonstration facility will be fed directly from S-109 with no solids entrained out of S-109. The feed will be delivered at 5 M Na. The S-109 waste retrieval will be controlled to limit the total activity in the retrieved waste to 0.0062 Ci per liter (at the 5 M Na feed concentration).
The production process will be located in the 200 East Area.
The production facility starts operating after 113 11201 land operates at the rate needed to process at least 4500 MT ofNa by 9/30/2027.
Low-Cs waste in the 200 West Area will be moved cross-site to feed the process when dedicated DST space is available to transfer low-Cs waste without contamination (through SY-IO1 in to an East Area DST used as a feed tank).
The low-Cs tanks that are candidates for feed are identified in Table A -I4 in Section A3.3. Other low-Cs tanks may be substituted with the concurrence of the Requestor.
All entrained solids are separated from the waste liquids in the supplemental treatment facility (in a way to minimize the Na returned to the DST system) before treatment of the liquids and are returned directly to an appropriate DST (AN-I06 or AY-101) as 20-wt% slurry.
Details concerning feed batch size and process control strategy have not been established. Therefore, for simplicity, assume that the process operates as a continuous process.
No No
A-1 1
Three sets of product assumptions will be used outside of the HTWOS model to estimate product mass, volume and package count.
Bulk-Vitrification
Assume a 20 wt% waste NazO loading.
Glass density is 2.74 MT/m3. 
A2.5. Cesium and Strontium Capsule
Cesium and Strontium Capsules produced by the Supplemental Treatment demonstration can be stored until the IDF is available.
.O
The need date for IHLW interim storage facility NO (the Canister Storage Building) will be the date on which the 1" IHLW is produced (5/17/2010). The demand for interim storage space will be established assuming that 22 canisters of WTP-provided IHLW is used. The shipping date of IHLW to Yucca will be the date on which the Canister Storage Building is full (880 canisters + 22 canisters in WTP-provided lag storage), but no earlier than September 30,2012. Assume shipping keeps up with production once shipping begins.
Processing
Cesium and strontium capsules are disposed separately NO by RL and not incorporated into HLW glass in the WTP 
A-12
I
No schedule for SST retrievals out through the end of FY 2008. This sequence and schedule was developed with considerations of risk reduction. The sequence and schedule for retrieval of waste from the remaining SSTs will be determined by the model based on algorithms that consider risk measures, DST space availability, and WTP feed requirements.
Estimates for the as-retrieved volume of SST wastes I I from selected tanks are also given in Table A- 
A-13
etrievals
The most limiting condition(s) resulting from application of the following constraint^:^ No Minimum retrieval durations are given in Section A3.7 and based on proposed project schedules or technologies to be used to retrieve the waste.
Retrieval and transfer systems in the NE and NW quadrants can support a maximum of 6 simultaneous retrievals in each tank farm and a total of six simultaneous retrievals in each quadrant (after the WRFs are constructed).
Retrieval and transfer systems in the SE and SW quadrants can support a maximum of 2 simultaueous retrievals in each tank farm and a total of two simultaneous retrievals in that quadrant.
SE -A, AX, and C farms NE -B, BX, and BY farms SW -S, SX, and U farms NW -T, TX, and TY farms A maximum of 7 total simultaneous retrievals can be performed at one time. (This assumes that labor resources are available.)
The waste from up to two SSTs may be retrieved to one DST at one time.
The waste from one only SST may be retrieved into one WRF tank at a time.
Constraints also apply to retrievals going directly from SSTs to supplemental treatment processes.
No A sufficient number of retrieval systems are available. Retrieval systems will be reused when cost effective.
Retrieval System Availability The amount of retrieval solution needed to retrieve the waste from SSTs listed in Table A-14 in Section A3.3 will be determined as the amount need to achieve the total retrieved volume given in the table after the application of water wash factors (or SI model in the case of SI).
The amount of retrieval solution needed to retrieve wastes from the S, SX, and U farm SSTs not listed in Table A -I4 will be determined as the amount needed to result in a Na concentration 5 5 M and an insoluble solids concentration 5 5 wPh (3.5 volume %) after the application of wash factors (or Sr model in the case of SI).
The amount of retrieval solution needed to retrieve wastes from SSTs in the B or T farm complex before the WRFs are available will be determined as the amount needed to result in a Na concentration 5 5 and an insoluble solids concentration 5 5 wt% after the application of wash factors (or Sr model in the case of SI).
The amount of retrieval solution needed to retrieve wastes from SSTs in the B or T farm complex after the WRFs are available will be determined as the amount needed to result in a Na concentration 5 5 M and an insoluble solids concentration 5 10 wt% after the application of wash factors (or SI model in the case of Sr). 
No
Liquids or slurries can be removed down to within 12 inches above the bottom of a DST.
Wastes can be removed down to the bottom of a DST during fmal cleanout. supernatants can be pumped down to within 10 inches of a settled solids layer.
SY-101 can only be pumped down to 100 inches (275 Kgal) betweennow and 10/1/2013. After that date, the transfer pump will he replaced and the waste can be pumped down to 12 inches. SY-102 can only be pumped down to 200 inches (550 Kgal) until the solids are washed before delivery for TRU packaging. After the solids are washed the waste can be pumped down to within 12 inches.
The AZ/AY farm tanks can be pumped down below 64 inches if the annulus ventilation is shut down. The annulus ventilation will he shut down when necessary to deliver feed to the WTP allowing the waste to be pumped down witbin 12 inches of the bottom.
A-16 daximum DST Levels
Raise the DST fill limits according to the schedule given in Table A -IS in Section A4.2.3 of these assumptions. I Water is removed until the specific gravity set point is I 0.5 wt% solids are entrained in decanted supernatants, Supematant liquids from dissolving salts will entrain the same solids concentration as exists in the tank reached (as calculated by algorithms within the model). The water content of initial inventory is determined by calculating a stream density and total stream mass (including water), the total stream mass excluding water, and then obtaining water content by difference.
Volumes of waste streams are calculated from mass using density correlations for liquids and a solid density of 3 g / d . 
A6.3. Volume of In-Process Streams
A-22
The BBI reference decay date of 1/1/2001 is used as the reference decay date in the model. Radionuclides are decayed to the date of delivery for feed specification compliance assessment. Half-life values for decay calculations are taken from the Chart of Nuclides, 15" Edition.
Dissolution of solids is predicted by the application of wash factors (or Sr model in the case of SI). Chemical charges are balanced when washing solids by the adjustment of bound OH-and then by adjustment of CO;. . HTWOS does not account for solids formation, except for repartioning of Sr using the Sr model.
A6.6. Waste Chemistry and Mass Balances
A6.7. ILAW Package Production
ILAW package production rates are based on the glass production rates, glass density, and package fill assumptions.
No
Yes NO IHLW canister production rates are based on the glass production rates, glass density, and package fill No RPP-21807 Rev. 0 
